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Available online 10 February 2016To characterize differences in soybean resistance to salt stress, two soybean species, the
wild salt-tolerant soybean Glycine cyrtoloba (serial number ACC547) and the cultivated
salt-sensitive soybean G. max (cv. Melrose) were treated with 0, 50, 100, or 150 mmol L−1
NaCl for 5 days. A series of physiological parameters were determined in both shoots and
roots, including content of chlorophyll (Chl) and malondialdehyde (MDA); electrolyte
leakage (EL); hydrogen peroxide (H2O2) concentration; superoxide oxygen radical (O2−)
production rate; activities of several enzymes including superoxide dismutase (SOD),
catalase (CAT), and peroxidase (POD); and selective ion (Na+ and K+) accumulation. Our
results showed that the relative salt tolerance of ACC547 was associated with lower loss of
Chl content; lower MDA content, EL, H2O2 concentration, and O2− production rate in both
shoots and roots; higher POD activity caused by new isoforms in roots; and higher K+
concentration and K+/Na+ ratio in shoots. These results suggested that relative lower
membrane injury, efficient K+ vs. Na+ selective accumulation, and newly induced POD
isoenzymes are mechanisms of salt tolerance in soybean.
© 2016 Crop Science Society of China and Institute of Crop Science, CAAS. Production and
hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).Keywords:
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Soil salinization is a serious global problem, and it is
estimated that 954 million hectares of land worldwide have
been salinized [1]. Unlike other stresses, salinity stress is a
complex stress that includes both ionic and osmotic stresses.
As a consequence of these primary effects, secondary stresses
such as oxidative damage may also occur [2]. All these lead to
reduced growth rate and eventually plant death. Reduction in
CO2 fixation leads to a surplus of electrons, which are6.
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license (http://creativecomtransferred to oxygen to form superoxide radicals (O2−) [3].
The latter triggers chain reactions that generate more other
aggressive reactive oxygen species (ROS) [4], including singlet
oxygen (1O2) and hydrogen peroxide (H2O2). These ROS are
highly reactive and, in the absence of any protective mecha-
nism, accumulate and lead to lipid peroxidation and loss of
membrane integrity [5]. Salt-induced membrane injury is
always associated with enhanced production of ROS.
Tomitigate the oxidative damage caused by ROS, plants have
developed a series of enzymatic and non-enzymatic antioxidantn (D. Jiang).
nd Institute of Crop Science, CAAS.
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and various enzymes. Antioxidant enzymes such as SOD
(superoxide dismutase), CAT (catalase), and POD (peroxidase),
can effectively remove free radicals [4]. A correlation between
antioxidant capacity and NaCl tolerance has been demonstrated
in many plant species [4,6]. However, there are large differences
in salt tolerance between species of the same genus, and the
response of plant antioxidative enzymes to salinity differs among
species, organs, and organelles [7]. Furthermore, antioxidant
enzymesmay behave differently in roots and leaves. Lee et al. [8]
reported that NaCl increased SOD activity but decreased CAT
activity in rice leaves, whereas the activity of SOD in rice roots
was not affected. Chaparzadeh et al. [9] reported that CAT activity
decreased in roots of Calendula offıcinalis L. and increased in its
shoots under salt stress conditions. In contrast, POD activity
increased in roots but decreased in shoots. All these results imply
that it is necessary to study antioxidant enzymes in both plant
leaves and roots.
Under saline conditions, plant growth is adversely affected in
various ways, amongwhich a decreased K+/Na+ ratiomay be one
of the important factors, owing to important function of this ratio
in normal cellular metabolism [10]. Plant roots suffer from ionic
stress under salt stress conditions [2] and plants tend to take up
high amounts of Na+, whereas the uptake of K+ is greatly
impaired [11]. Overaccumulation of Na+ is toxic to normal
metabolism and a deficiency of K+ affects the stability and
function of enzymes and cell membranes [12]. K+ vs. Na+
selectivity and high K+/Na+ ratio, especially in leaves, have been
suggested as important selection criteria for salt tolerance [10,12].
Although physiological response to salt stress has been
studied inmany plants [3,7], the effects of salt stress on soybean
have been rarely studied. Glycine max is one of the most
important crops for humans and is widely grown in China.
Given that around 100 million hectares of land in our country
have been affected by increased salinity [13] and the situation is
becoming even worse, studies aimed at improve soybean's salt
tolerance are of great importance. Our previous study showed
that wild salt-tolerant soybean ACC547 has a higher photosyn-
thetic rate than the salt-sensitive cultivar Melrose under salt
stress conditions [14]. It remains unknown, however, whether
this genotypic variation of photosynthesis after salt stress is
associated with ROS accumulation, antioxidant enzymes, or a
selective ion-accumulation mechanism. In this study, we
investigated these physiological responses in soybean with
different genotypic responses to salinity stress and showed that
they played important roles in salt tolerance of soybean.2. Materials and methods
2.1. Plant materials and growth conditions
Two different soybeans, the cultivated salt-sensitive soybean
G. max cv. Melrose and the wild salt-tolerant soybean G.
cyrtoloba (series number ACC547), were used [14]. The seeds
were germinated and plants were cultivated on the Zijingang
campus of Zhejiang University (Hangzhou, China). The
seedlings were grown with a complete nutrition solution as
described [15,16] until the fifth leaves appeared. Robust plants
were then transferred to complete nutrition solutions with 0,50, 100, and 150 mmol L−1 NaCl and grown for 5 days. Some
leaves were then harvested and used for measurement of
chlorophyll content and electrolyte leakage and for H2O2
detection. Other leaf and root materials were harvested
separately and then frozen in liquid N2 and stored at −80 °C
for subsequent experiments.
2.2. Chlorophyll content
Chl content was determined spectrophotometrically accord-
ing to Porra et al. [17].
2.3. Electrolyte leakage (EL)
Samples (200 mg) of leaf disks of uniform size (5 mm diameter)
were placed in test tubes containing 10 mL of double-distilled
water. The tubeswere incubated in a water bath at 32 °C for 2 h
and the initial electrical conductivity of the medium (EC1) was
measured. The samples were then autoclaved at 121 °C for
20 min to release all electrolytes and cooled to 25 °C, and final
EC (EC2) was measured [18]. EL was calculated using the
formula: EL (%) = (EC1/EC2) × 100.
2.4. Lipid peroxidation
MDA content was determined according to Cakmak and Horst
[19] using the thiobarbituric acid reaction. MDA concentration
was calculated from absorbance at 532 nm and measurements
were corrected for nonspecific turbidity by subtraction of the
absorbance at 600 nm. The concentration of MDA was calcu-
lated using an extinction coefficient of 155 mmol L−1 cm−2.
2.5. Determination of hydrogen peroxide (H2O2) and
superoxide radical (O2−)
H2O2 concentrations were measured according to Jana and
Choudhuri [20]. Briefly, the H2O2 was extracted by homoge-
nizing 0.3 g leaves or roots with 3 mL of phosphate buffer
(50 mmol L−1, pH 6.5). The homogenate was centrifuged at
6000×g for 25 min to remove cell debris. The solution was
mixed with 1 mL of 0.1% titanium chloride solution (Aldrich,
Milwaukee, WI, USA) in 20% (v/v) H2SO4 and then centrifuged
at 6000×g for 15 min. The intensity of yellow color of the
supernatant was measured at 415 nm. The H2O2 content was
calculated using the extinction coefficient 0.28 μmol L−1 cm−2.
O2−was determined according to Verma andMishra [21] with
somemodification as follows: 0.5 g of frozen leaf segments was
homogenized with 3 mL of 65 mmol L−1 potassium phosphate
buffer (pH 7.8) and centrifuged at 10,000×g for 15 min. The
mixture containing 0.5 mL of 65 mmol L−1 phosphate buffer
(pH 7.8) and 0.1 mL of 10 mmol L−1 hydroxylamine hydrochlo-
ride was incubated at 25 °C for 10 min, after which 0.5 mL
supernatant was added. After incubation at 25 °C for 20 min,
58 mmol L−1 sulfanilamide and 7 mmol L−1 α-naphthylamine
were added to the incubationmixture. After reaction at 25 °C for
20 min, trichloromethane was added, followed by centrifuga-
tion at 10,000×g for 3 min. The absorbance of the aqueous
solution was read at 530 nm. A standard curve with NO2− was
used to calculate the production rate of O2− from the chemical
reaction of O2− and hydroxylamine.
Table 1 – Variability of total chlorophyll (Chl) content and
ratio of Chl a/b between Melrose and ACC547 after
stressed by NaCl for 5 days.
Variety NaCl
(mmol L−1)
Chlorophyll content
(mg g−1 FW)
Chl a/b
Melrose 0 4.2714 ± 0.1414a 3.4147 ± 0.1053a
50 3.6009 ± 0.0264b 3.3009 ± 0.0264a
100 3.0923 ± 0.0704bc 3.4593 ± 0.0825a
150 2.5199 ± 0.4383c 3.2976 ± 0.1793a
ACC547 0 3.283 ± 0.0788d 2.874 ± 0.0376b
50 3.091 ± 0.0327e 2.8753 ± 0.0239c
100 2.8883 ± 0.0669f 3.0076 ± 0.0117c
150 2.187 ± 0.0897g 2.7026 ± 0.0799d
Pairs of values followed by at least one identical letter do not differ
significantly at P < 0.05 (n = 4 ± SD).
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Leaves of similar sizewere cut from several salt-stressed plants.
The leaf stalks were immediately dipped into water containing
1 mg mL−1 3,3-diaminobenzidine (DAB, pH3.8) [22], kept at 25 °C
in the dark for 1 h to take up the stain, and then kept at 25 °C
under light (100 μmol photonsm−2 s−1) for 12 hwith the petioles
immersed in the DAB solutions. The chlorophyll was bleached
by boiling the leaves in 95% ethanol before photography.
2.7. Enzyme extractions and assays
All operations were performed at 4 °C. For protein and enzyme
extractions, 0.5 g of leaf samples was homogenized with
50 mmol L−1 potassium phosphate buffer (pH 7.8) containing
1 mmol L−1 ethylenediaminetetraacetic acid (EDTA) Na2 and 2%
(w/v) polyvinylpolypyrrolidone. The homogenate was centri-
fuged at 15,000×g for 20 min and supernatants were used for
determinationof protein content and for enzymeactivity assays.
Soluble protein content was determined following Brad-
ford [23] using bovine serum albumin as a standard. SOD
activity was assayed following Giannopolitis and Ries [24].
The activities of CAT and POD were estimated following
Hunag et al. [25] and Urbanek et al. [26], respectively.
2.8. Electrophoretic POD separation
Electrophoretic separation of POD bands was performed on
nondenaturing polyacrylamide gels (10% acrylamide, 3%
bisacrylamide) as described by Seevers et al. [27].
2.9. Determination of mineral elements in plant tissues
Dried samples were ground to powder and stored in polyethyl-
ene bottles. The harvested samples were oven-dried and
digested according to Thomas et al. [28] with modification as
follows: ground samples (0.5 g each) were ashed at 550 °C for
6 h. Thewhite ashwas takenup ina 20 mLmixture ofHNO3 and
H2O2, filtered into a 50 mL volumetric flask, and made to 50 mL
with distilled water. The solution was then diluted fivefold for
Na+ measurement and 100-fold for K+ measurement. Measure-
ment was performed by flame atomic absorption spectroscopy
(Spectra AA-220, Varian Australia Pty Ltd., Australia).
2.10. Statistical methods
All data were subjected to ANOVA, and the means were
compared by the Newman–Keuls test. Comparisons with
P-value of <0.05 were considered to indicate significant
difference. SPSS 10.0 software (SPSS Chicago, IL, USA) was
used for statistical analyses.3. Results
3.1. Effect of NaCl stress on chlorophyll content
The Chl content decreased with increasing NaCl concentra-
tion in both varieties (Table 1), and the reduction was greater
in Melrose than in ACC547 (33% and 41% in response to150 mmol L−1 NaCl in ACC547 and Melrose, respectively).
There were no significant changes in the ratios of Chl a/b in
the two soybean species.
3.2. Oxidative stress evaluation
Under control conditions, the MDA content of both varieties
was more than twofold higher in roots than in leaves (Fig. 1).
After treatment with NaCl, the MDA contents in both leaves
and roots of ACC547 slightly increased with NaCl level, with
the increase much stronger in Melrose. This difference was
especially significant for 150 mmol L−1 NaCl treatment, for
which the MDA content in leaves increased by 357% and 37%
for Melrose and ACC547, respectively, whereas in roots the
increases were 224% and 90% for Melrose and ACC547.
Similar to lipid peroxidation, EL increased with NaCl level
in both species, with the increase always significantly greater
in Melrose than in ACC547 (Fig. 2). Under 150 mmol L−1 NaCl,
the increases in EL were 233% and 192% for Melrose and
ACC547, respectively.
The increase in O2− generation rate in NaCl treated plants
matched the increased H2O2 content (Fig. 3). Concentration
dependence was observed in leaves of both species (Fig. 3A and
C), whereas in roots, both parameters remained constant or
even decreased under lower NaCl concentration (50 mmol L−1),
but increased significantly under higher salt stress (100 and
150 mmol L−1) (Fig. 3B and D). In leaves and roots, both
parameters increased more significantly in Melrose than in
ACC547. In particular, under 150 mmol L−1 NaCl treatment, the
O2− generation rate and H2O2 content increased by 117% and
191%, respectively, in Melrose leaves but only 39% and 81% in
ACC547 leaves. These increases were larger in roots than in
leaves, with increases of 489% and 305% in Melrose roots but
only 136% and 205% in ACC547 roots.
The accumulation of H2O2 in the leaves was also detected
as necrotic lesions, which were easily monitored by the
bleaching of chlorophyll (Fig. 4). No necrotic lesions were
observed in leaves of either variety under control conditions.
With the increase of NaCl concentration, necrotic lesions
gradually appeared. This phenomenon was clearly more
severe in Melrose than in ACC547. Necrotic lesions were
localized mainly on the main veins in ACC547 leaves even
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Fig. 1 – Effect of NaCl on MDA contents in leaves (A) and roots (B) of different soybean species. Data are means of three
replicates ± SD. Bars with different letters indicate significant difference (P < 0.05).
132 T H E C R O P J O U R N A L 4 ( 2 0 1 6 ) 1 2 9 – 1 3 8under the highest concentration of NaCl, but distributed over
most of the leaf in Melrose (Fig. 4).
3.3. Antioxidant enzyme activities
Salt treatment induced lower increase in O2− generation rate
and lipid peroxidation in ACC547, perhaps owing partially
to its higher antioxidant ability. As shown in Fig. 5A, SOD
activity increased with salinity and reached its maximum at
150 mmol L−1 NaCl (increasing by 24%) in ACC547 leaves,
whereas in Melrose leaves it remained constant, virtually
independently of NaCl concentration in the 0–150 mmol L−1
range. In roots of both varieties, SOD activity increased with
salinity except for an initial decrease under low salinity
(Fig. 5B), reaching a maximum at 150 mmol L−1 NaCl (increas-
ing by 46% and 36% for ACC547 and Melrose, respectively).
The POD activity remained relatively constant within the
0–150 mmol L−1 NaCl range in both leaves and roots of
Melrose (Fig. 5C and D). However, the POD activity in ACC547
was affected more strongly and behaved differently in roots0
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Fig. 2 – Effect of NaCl on electrolyte leakage (EL) in leaves of
different soybean varieties. Data are means of three
replicates ± SD. Bars with different letters indicate
significant difference (P < 0.05).and leaves. In leaves, lower salinity significantly increased
POD activity (P < 0.05), reaching a maximum (increasing by
64%) at 50 mmol L−1 NaCl and then decreasing with increas-
ing salinity (increasing by 23% at 150 mmol L−1 NaCl). In roots,
however, the POD activity increased significantly only under
higher salinity (>50 mmol L−1 NaCl), reaching a maximum at
150 mmol L−1 NaCl (increasing by 145%).
The results showed that CAT activity could be detected only
in leaves of either variety (Fig. 6). Although ACC547 has lower
CATactivity thanMelrose under control conditions, the increase
in CATactivity induced by salt stresswashigher inACC547 than
inMelrose. Under 50 mmol L−1 NaCl treatment, the CAT activity
increased by 16% in ACC547 but only 5% in Melrose. This
difference was more significant under 150 mmol L−1 NaCl
treatment, where the CAT activity increased by 45% in ACC547
but only 7% in Melrose. Changes in CAT activity were not
significant in either variety, except that the highest salinity
(150 mmol L−1 NaCl) significantly (P < 0.05) increased CAT
activity in ACC547 leaves.
To investigate the enzyme activity stimulated by salinity,
we performed polyacrylamide gel electrophoresis analysis of
enzyme isoform patterns. There was no significant difference
in SOD and CAT isoforms (data not shown), but a significant
difference in POD isoforms (Fig. 7). There were more POD
activity bands in both leaves and roots of ACC547 than in
those of Melrose under control conditions (Fig. 7). The POD
activity bands were greatly enhanced by salinity in ACC547
roots, especially the POD2, 4 and 5 isoforms. The POD 3
isozyme was greatly reduced at 100 mmol L−1 NaCl condition,
whereas the POD 6 isoform was greatly induced, possibly
offsetting the loss of the POD 3 isoform. In Melrose roots, aside
from stimulation by low (50 mmol L−1) salinity of the POD 4
isoform, which decreased with increasing salinity, other
isoforms all decreased with salinity. The changes in Melrose
leaves were similar to those in roots, where only low salinity
enhanced the bands, especially bands 1 and 4. The changes in
POD isozymes in ACC547 leaves were different from those in
ACC547 roots, which were induced at lower salinity and
decreased at higher salinity. These changes observed in POD
isoform patterns could be partly explained by changes in total
POD activity described above.
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The Na+ concentration increased with increasing NaCl level
and reached a maximum under 150 mmol L−1 NaCl in bothFig. 4 – Effects of NaCl on the accumulation of H2O2 in the leaves o
(lower, scale bars correspond to 3 cm). Numbers indicate concenspecies (Fig. 8A–C). The increase was much higher in Melrose
leaves (256% at 150 mmol L−1 NaCl) than in ACC547 leaves
(106%), whereas in both roots and stems, these increases were
much higher in ACC547 (308% and 120%, respectively atf Melrose (upper, scale bars correspond to 3 cm) and ACC547
tration of NaCl (mmol L−1) in the culture solution.
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tively). In contrast, K+ contents in both leaves decreased with
increasing NaCl concentration, with the reduction greater in
Melrose than in ACC547 (decreases of 37% and 27% for Melrose
and ACC547, respectively) (Fig. 8D–F). Although the K+
contents remained reduced in both Melrose roots and stems0.0
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Fig. 6 – CAT activity in leaves of Melrose and ACC547 treated
with several concentrations of NaCl for 5 days. Values are
means of three replicates ± SD. Bars with different letters
indicate significant difference (P < 0.05).(by 47% and 61%, respectively, at 150 mmol L−1 NaCl), they
increased in both ACC547 roots and stems (increased by 44%
and 24%, respectively at 150 mmol L−1 NaCl). The K+/Na+ ratio
decreased with increasing NaCl level in both species (Fig. 8G–
I). However, the reductions were greater in Melrose leaves and
stems (by 82% and 77% at 150 mmol L−1 NaCl) than in those of
ACC547 (65% and 44% at 150 mmol L−1 NaCl). In roots, the
reduction of the ratio was slightly greater in ACC547 (66%)
than in Melrose (57%).4. Discussion
In a previous study Melrose treated with 50 mmol L−1 NaCl for
10 days displayed clear necrotic lesions, while ACC547 did not
[14]. We too found that Chl content decreased more in Melrose
than inACC547 under a range ofNaCl treatments. These results
suggest that ACC547 has higher salt tolerance thanMelrose.We
further investigated the physiological mechanisms underlying
ACC547's tolerance. It iswell known that lower solute leakage is
correlatedwith greater membrane functionality in salt-tolerant
plants [5]. MDA and EL are considered products of plasma
membrane lipid peroxidation, as well as cell membrane injury
indices [5]. The impairment of membrane permeability was
more pronounced in Melrose than in ACC547 (Figs. 1, 2). The
stability of biological membranes has been used as an effective
screening tool to assess the effects of salinity stress and used to
differentiate salt-tolerant and sensitive cultivars, given that
many physiological reactions occur in membrane systems [5].
Thus, less damage by membrane lipid peroxidation enabled
Fig. 7 – POD isozymes in leaves (L) and roots (R) of ACC547 (A) and Melrose (M) after 5 days of treatment with several
concentrations of NaCl. Numbers at bottom represent concentration of NaCl (mmol L−1) in the culture solution. (the 1–6
numbers represent different bands).
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tions, contributing to its higher salt tolerance.
Membrane damage usually accompanies accumulation of
ROS [8]. Our study showed that the induction ofmembrane lipid
peroxidation (Fig. 2) correlated with changes in O2− production
rate and H2O2 content, which were more greatly promoted in
Melrose than inACC547, especially under higher salinity (Fig. 3).
Both parameters were all increasedmuchmore in roots than in
leaves of both varieties (Fig. 3), suggesting that the leaf suffered
less oxidative damage than did the root. Liu et al. [29] proposed
that H2O2 accumulationwas associatedwith the loss of Rubisco
activity, which partially accounted for the loss of Rubisco
content. In our study, the greater H2O2 accumulation inMelrose
than in ACC547 (Figs. 3, 4) agreed well with our previous finding
that salt stress reduced Rubisco activity and content much
more in Melrose than in ACC547 [16].
Better protection against oxidative damage may be due to
the involvement of more efficient antioxidative systems [5].
The observation that ACC547 had less-damaged membrane
stability (Figs. 1, 2) and lower increase in O2− production rate
and H2O2 content (Fig. 3) indicates its more efficient antiox-
idative systems, whereas the reverse is the case for Melrose.
Our results showed that the SOD and CAT activity in Melrose
leaves and POD activity in both leaves and roots of Melrose all
remained relatively constant under different NaCl levels
(Figs. 4, 5) (we were unsuccessful in measuring CAT activity
in roots of both varieties), whereas these activities all
increased in both leaves and roots of ACC547 under higher
salinity (Figs. 4, 5). This increase was especially evident forPOD activity in ACC547 roots (Fig. 4D). The increased POD
activity was likely due to the increased abundance of POD
isozymes (Fig. 7-AR), so that the intensity of POD isozymes
increased with salinity, with POD 3 and 6 in particular
significantly increasing under 50 and 100 mmol L−1 NaCl,
respectively. This finding is in agreement with previous
findings that the increase in enzyme activity under salt
stress is highly correlated with both temporal regulation
of specific isoenzymes and induction of new isoforms [2].
Given that the root is the primary organ injured by salt stress
and is thought to play a critical role in plant salt tolerance
[3,30], we hypothesized that the loss of CAT activity in
ACC547 root was partially compensated by the great increase
in POD activity. Our result also showed that POD plays a
greater role in alleviating salt stress in soybean than the other
two enzymes, a result similar to that reported by Amor et al.
[5].
Salinity induced membrane lipid peroxidation, thereby
affecting its permeability, which in turn modulated the pattern
of ion leakage. The maintenance of high K+/Na+ ratio in the
cytoplasm and K+ vs. Na+ selective accumulation under saline
conditions is essential for maintaining enzymatic processes
and is considered an important determinant of salt tolerance
[31]. Our results showed that salinity inducedNa+ accumulation
inMelrose leaves, roots and stems, with the greatest increase in
its leaves, followed by stems and roots, whereas K+ absorption
and K+/Na+ ratio decreased with increasing NaCl level in
Melrose leaves, roots, and stems. This finding is in agreement
with others [11]. However, for ACC547, both K+ andNa+ contents
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136 T H E C R O P J O U R N A L 4 ( 2 0 1 6 ) 1 2 9 – 1 3 8increased in roots and stems, whereas only the Na+ content
increased in leaves. These results indicate an absence of
competitive inhibition between K+ and Na+ absorption, sug-
gesting that ACC547 has a unique pathway of Na+ absorption
independent of theK+ pathway, a finding similar to that of Yang
[32]. Differently fromMelrose, ACC547accumulatedmoreNa+ in
its root so as to maintain a lower Na+ content in its leaf. A low
rate of transport of Na+ to shoots has been considered to be
associated with salt tolerance [33]. Also, ACC547 has higher K+
accumulation than Melrose in both roots and stems, especially
under salt stress conditions, helping ACC547 to maintain a
higher K+/Na+ ratio in roots or stems. According to Zhao [34],
different salt-tolerant plants have different ion absorptions and
subsequent distribution mechanisms, so that salt stress resis-
tance in ACC547 may be derived from root absorption of K+,
which is distributed mainly in its roots and stems. From these
observations we can conclude that it is the high K+/Na+ ratio in
roots or stems, rather than in leaves, that confers on ACC547 itshigh resistance to salt stress. Taking these findings together,
the higher K+/Na+ ratio and different K+ vs. Na+ selectivity
absorption mechanisms under saline conditions result in
higher tolerance of ACC547 than Melrose to salinity stress.
Furthermore, this salt-induced higher Na+ content and severer
K+ deficiency in Melrose leaves account well for its severe
chlorosis, found in our previous study [14].5. Conclusions
Cell membrane permeability was affected by salt stress, and
the salt-tolerant ACC547 showed less damage than the salt-
sensitive Melrose. The lower damage in membrane permeabil-
ity in ACC547 was associated with the activities of several
antioxidant enzymes, among which POD was shown to be
the most important and CAT the least important, especially
prominent in the root. Most importantly, K+/Na+ ratio and K+ vs.
137T H E C R O P J O U R N A L 4 ( 2 0 1 6 ) 1 2 9 – 1 3 8Na+ selectivity were shown to be effective selection criteria for
salt tolerance in soybean.Acknowledgments
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